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alkyl or aryi group; and N may be either an I4 N or atom, with the proviso that when R represents CD 3 , the methylene 
and vinyl hydrogen atoms of the six-membered ring are deuterium; and (2), wherein R and N are as defined above, X re- 
presents hydrogen or a mono-, di- or triphosphate group, or a phosphate ester derivative; and Y represents a purine or pyri- 
midine base, with the proviso that when R represents CD 3 , the methylene hydrogen atoms of the six-membered piperidine 
ring are hydrogen or deuterium. Processes for the preparation of these compounds are also described. The spin labelled nu- 
cleotide and nucleoside compounds are suitable for use* as probes, for example, in protein structure and orientation studies. 
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SYNTHESIS AND USES OF SPIN LABELLED 
RIBONUCLEOSIDES AND RIBONUCLEOTIDES 

* 

5 This invention relates to the preparation of spin 

labelled compounds from novel precursors and their use 
as probes. More specifically, the invention provides 
conformational ly restricted spin labelled 
ribonucleosides and ribonucleotides which are useful, 
10 for example, in protein orientation studies. 

Spin labelled probes have proved useful in dynamic and 
orientation studies of proteins using electron spin 
resonance (ESR), such as monitoring the movement of 

15 protein cross-bridges during muscle contraction. A 
significant problem with existing spin labelled 
nucleotide probes, however, is that the spin label 
moiety is mobile and thus does not give accurate 
information about the position of the nucleotide probe 

20 on the protein which is under investigation. 

The use of spin label molecules in nuclear magnetic 
resonance (NMR) work is also well known. Their 
presence in labelled probes produces characteristic 
25 line broadening effects in the NMR spectra which can give 
important information during, for example, structural 
studies of a variety of biological macromolecules . 

A number of reactions to produce various derivatives 
3 0 of nucleosides or nucleotides have previously been 
described. Hampton, J. Am. Chem. Soc, 83, 3640 
(1961); Hampton et al., J. Am. Chem. Soc, 87, 5481 
(1965); Reese et al., Tetrahedron, 26, 1023 (1970) and 
Chladek & Smrt, Coll. Czech. Chem. Commun., 28, 1301 
35 (1963) illustrate a range of reactions that 
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essentially involve the acid-catalysed additions of 
ketones* ketals or enol ethers to the vicinal diol of 
the ribose ring. Grindley et al., Carbohydrate Res., 
140, 215 (1985) describe the use of 
1-ethoxycyclohexene and 2-methoxypropene to form 
cyclic ketals of a range of non-ribose sugars. Hai et 
al., J. Med. Chem., 25, 806 (1982) disclose the direct 
ketalisation of a nucleotide compound. 



10 



There is a need for spin labelled nucleoside and 
nucleotide analogues which overcome the aforementioned 
disadvantage of existing labelled probes. The present 
invention aims to provide such compounds. 



15 



According to the present invention there are provided 
compounds of the formula :- 



20 



25 



OR 




OCO.R 



(D 



30 



wherein R represents a CH3 or CD3 group; 
R 1 represents an alkyl group; 
r2 represents an alkyl or aryl group; and 
N may be either an. 14 N or 15 N atom, 

with the proviso that when R represents CD3 , the 

methylene and vinyl hydrogen atoms of the six-membered 

ring are deuterium. 



35 
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In principle, Rl may be any alkyl group and R2 may be 
any alkyl or aryl group. It will be appreciated, 
however, that the presence of relatively small alkyl 
and aryl groups is usually to be preferred. 

These compounds are useful as precursors of spin 
labelled nucleoside and nucleotide analogues. They 
have been found to be capable of reacting with 
ribonucleosides and ribonucleotides to produce 
spiroketal compounds that, on further modification, 
lead readily to spin labelled compounds suitable for 
use as probes. 

According to a further embodiment of the present 
invention there is provided a spin labelled compound 
of the formula:- 



20 



25 




wherein R is as defined above; 

X represents hydrogen, a mono-, di- or 
triphosphate group, or a phosphate ester derivative; and 

35 
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Y represents a purine or pyrimidine base, 



with the further proviso that when R represents CD3, 
the methylene hydrogen atoms of the six-membered 
piperidine ring are hydrogen or deuterium. 

If desired, either of X or Y may be radiolabel led. 
Examples of group X as a phosphate ester derivative 
include the 3-thiotriphosphate, the 
P 3 -1-(2~nitrophenyl )ethyl group or an oligonucleotide 
that would produce spin labelled derivatives of ATP(yS)V 
caged ATP or an oligonucleotide. 

As will be readily appreciated, the spin labelled 
compound (2) incorporates the skeleton of the 
aforementioned type of compound (1). 



The spin labelled nucleotide and nucleoside compounds 
of this invention may comprise either a purine or a 
pyrimidine base. Thus, in the above formula, group Y 
can represent adenine, guanine, cytosine, uracil, 
thymine or 5-methylcytosine. A particularly preferred, 
spin labelled compound of the invention has the 
following formula (wherein X is triphosphate, Y is 
adenine and R is as defined above) :- 



15 



25 



30 




(3) 
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According to the present invention there is further 
provided a method for preparing a precursor compound 
(1) of the type defined above and which comprises the 
c following sequence of reactions:- 
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iv) 
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Steps i), ii) and iii) involve relatively conventional 
chemistry, so that suitable reactants and process 
conditions will be readily appreciated by those 
skilled in the art. The initial reduction of step i) 
5 may be performed, for example, in the presence of 
ascorbic acid. The product is acylated in step ii), 
for example using acetic anhydride, and then converted 
in step iii) to a ketal. Finally, in step iv) the 
ketal is converted to an enol ether. This latter 

10 product is the desired precursor compound (1) suitable 
for use in the synthesis of the spin labelled 
compounds. Step (iv) proceeds with unexpected 
facility, because the unfavourable 1,3-diaxial 
interactions present in the ketal are partially 

15 relieved in the enol ether. Steps i) to iv) are 
illustrated in Example 1 below. 

According to the present invention there is still 
further provided a method for preparing a spin 
20 labelled compound, involving the precursor compound 
(1) of the aforementioned type, which comprises the 
following sequences of reactions:- 

v) 




(9) 
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wherein Z is a protecting group for the 5 1 -hydroxy 1 ; 
position and which may either equate to group X (as 
hereinbefore defined, except when X represents 
hydrogen) or be capable of conversion or removal 
to leave a group X in that position; and 

R, R 1 , R 2 and Y are as previously defined,, 
with the further proviso that when R : represents CD3, 
the 2'- and 3'- hydroxyl hydrogen atoms in compound 
(8) may be deuterium in order that ail four methylene 
hydrogen atoms of the six-membered piperidine ring of 
compound (9) are deuterium; 

vi) either a) where group Z equates to group X, 

optionally further phosphorylat ing the compound (9) 
at that position, or b) treating the compound (9) such 
that Z is removed, and optionally phosphorylating , to 
leave a group X at that position; and 



vi i ) 

20 
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It will be appreciated that the route followed in step 
vi) will depend upon the nature of group Z. Examples 
of the group Z, when Z does not equate with X, 
include acyl (r3co-, where R3 may be alkyl, alkenyl, 
5 cycloalkyl or aryl), alkoxycarbonyl (r3ocO", where r3 
is as defined above), allyl or substituted benzyl, 
such as £-methoxybenzyl , p_-nitrobenzyl or 1-(2- 
nitrophenyl)ethyl. Z may be a group that is retained 
in the final product, such as a phosphate (as in 
10 Example 2 below), or a group that is subsequently 
removed, such as an acyl group (as in Example 3 
below). In any event, step vi) has the effect of 
converting group Z to group X. 

15 In compound (9) when protecting group Z is removed by 
alkaline hydrolysis (i.e. is acyl or alkoxycarbonyl), 
isolation of compound (9a), where X is hydrogen, is 
still possible because the protecting group is more 
susceptible to alkaline hydrolysis than the N-acyloxy 

20 9 r °up that is removed in step vii). 

The purpose of the above sequences of reactions Is to 
condense compound (1) with a ribonucleotide or 
ribonucleoside and then to produce a spin labelled 

25 compound (2) which can be used as a probe in ESR or 
NMR work. The initial conversion to a spiroketal 
(9) is followed by an optional phosphorylation 
or further phosphorylation, or a treatment such as 
hydrolysis, using conventional techniques. 

30 Subsequently, the compound is subjected to alkaline 
hydrolysis of the N-acyloxy group and oxidation 
to produce the spin labelled compound (2) of the 
invention. 



35 
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10 



10 



15 



In a reaction to produce a particularly preferred spin 
labelled compound of this invention, step v) comprises 
reacting a precursor compound (1), where R, R 1 and R 2 
are each CH 3 , with adenosine 5 ' -monophosphate (AMP) to 
produce a compound of the formula:- 




CH 3 - I 

6C0.CH, 



(10) 



20 



25 



30 



step vi) comprises pyrophosphorylating the product of 
step v) to produce a compound of the formula:- 

NHj 



8 



8 8 




00. 



the step vii) comprises deacetylation and air 
oxidation of the product of step vi) to produce a 
compound of the formula:- 
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As an example to illustrate the applicability of the 
procedure to ribonucleosides , 5 ' -O-benzoyluridine is 
20 reacted with a precursor compound (1) as in step v) to 
produce compound (13):- 
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In steps vi) and vii) the benzoyl and acetyl groups 
are sequentially removed and the resulting N-hydroxy 



Substantial difficulties were encountered in the 
construction of precursors to the desired spin 
labelled compounds. Conventional acid catalysed 
condensations (as referenced above) of the ketone (6) 
or ketal (7) with ribonucleosides and ribonucleotides 
failed and even the enol ether (1) was substantially 
less reactive than the less sterically compressed 
1-ethoxycyclohexene (the compound used by Grind ley et. 
al., see above). This lack of reactivity is accounted, 
for by unfavourable 1,3-diaxial interactions which are . 
created when an alcohol group adds to the enol ether ; 
(1) and the further element of ring strain when the 
spiroketal (9) is formed. A further surprising feature 
of the condensation is the fact that it only occurs in .. 
essentially non-polar solvents. Even the presence of 
10% dimethylf ormamide in the reaction mixture 



10 



15 



5 
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inhibits the reaction almost completely. This makes 
for considerable difficulty because of the almost 
total insolubility of ribonucleotides in non-polar 
solvents. Finally the purine series was difficult to 
synthesize because of the lability of the purine- 
ribose bond under the acid-catalyzed conditions of the 
synthesis. 

Both Broensted-Lowry and Lewis acids were effective in 
the catalysis of the condensation reactions [step v)]. 
Overall p-toluenesulphonic acid was found to be the 
most satisfactory acid catalyst* 

A range of spin labelled compounds for use as probes, 
or as a part of such probes, can be derived from the 
precursor compound (1) of the present invention. A 
particular benefit is that the spin label is rigidly 
attached to nucleotide or nucleoside sugar residues 
and thereby, for example, rigidly oriented on proteins. 
This tight coupling of the spin label avoids the 
previously mentioned disadvantage of mobile nucleotide 
labels and thus opens up the possibility of new and 
improved orientation or structure studies of certain 
proteins. For instance, the use of such probes should 
enable betterinvestigat ion of how muscle cross-bridges 
move during contraction and relaxation, or how DNA 
interacts with DNA-binding proteins that control gene 
expression. 

The spin label precursor compounds (1) of this 
invention are suitable for use with all ribonucleotide 
and ribonucleoside types and thus, for example, could 
be incorporated into 5 1 -0-acy lated derivatives of 
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adenosine, cytidine, guanosine, or uridine, or with 
AMP, CMP, GMP or UMP. It is further envisaged that 
the spin label precursor compounds (1) could be used 
to produce other types of labelled probes based on, 
for example, the" common ribonucleoside 5* di- and 
5' -triphosphates , caged ATP compounds (i.e. photo- 
labile derivatives of ATP from which ATP can be 
readily regenerated), pyridine nucleotides (e.g. NAD+, 
NADH), ribonucleotide analogues and oligonucleotides; 

The compounds and methods of this invention will now 
be further illustrated by reference to the following . 
Examples. Example 1 relates to the preparation of a 
spin label precursor compound; Example 2 relates to the 
introduction of that molecule into AMP and further 
elaboration to produce a labelled compound suitable 
for use as a probe. Example 3 relates to the 
introduction of a spin label precursor into a typical 
ribonucleoside derivative, 5'-0-benzoyluridine. 



25 



30 



35 
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EXAMPLE ; 

N-AcetQXV-2.2.6.6-tetramethvl.fc.ptoertdon e (6) 4-Oxo-2.2.6,6-tetran>ethyl. 
piperidin-l-oxyl (20g. 188 mmol) was melted by gentle warming and treated 
with a solution of 1,-ascorbic acid 1 (37. 6g, 190 mmol) in water (320 ml). 
5 The solution was stirred vigorously at ambient temperature for 5 min. 
during which its colour changed rapidly from dark red to pale yellow. lc 
was then diluted with saturated aqueous NaHC0 3 (800 ml) in a 5 litre 
conical flask and cooled in ice. Acetic anhydride (64 ml, 679 mrol) was added over 2 min 
to the stirred mixture (pH 8). Portions of solid NaHC0 3 were added 
10 carefully to maintain the mixture at pH 8 until no further pH change 
occurred (ca. 1 h) and the mixture was then extracted with CHCI3 (3 x 200 
ml). The combined CHCI3 extract was washed with saturated aqueous NaHC0 3 
<2 x 200 ml), dried (Na 2 S0 6 ) and evaporated under reduced pressure, to 
15 leave the ketoacetate (6) as a pale solid (23. 3g, 94%). a sample 
recrystalllsed from petroleum ether gave pale needles, m.p. 95-95. 5°C. 
Anal: Calc. for C ll H 19 N0 3 : C. 61.9; H, 9.0; N, 6.6; M.W 213.1365. Found: 
C, 62.0; H, 8.6; N, 6.6; M + 213.1362. 



20 H- Acet 0? CY-A,A.dimeth0XV2.2.6.6.tetramethvlT>in C r<^n. (7) The eru<le 

ketoacetate (6) (23. 5g, 110 mmol) and toluenesulphonic acid monohydrate 
(2.1g, 11 mmol) were dissolved in a mixture of methanol (250 ml) and 
trimethyl orthoformate (250 ml) and the solution was heated under reflux 
for 2 h. then cooled to room temperature. 3% Aqueous KaHCOj (750 ml) was 

25 added and the mixture was extracted with CHCI3 (3 x 200 ml). The coxbined 
CHC1 3 extract was dried (Na 2 S0 6 ) and evaporated under reduced pressure. 
Distillation of the residual oil afforded the ketal (7) as a pale liquid 
(25. 9g; 91%), b.p. 84°C (0.5 mm Hg) . Anal: Calc. for C l3 H 25 N0 4 : M.W. 
259.1784. Found: M + 259.1770. 



30 
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N-Acetoxv-4-methoxv-2. 2 . 6 . 6- tetramethvl- 3-pjpe rideine ( .1 ). A solution ofr- 
toluenesuiphonic acid monohydrate (684 mg. 3.6 mmol) in benzene (400 ml) 
was heated under reflux tn a flask fitted with a Dean and Stark trap until 
5 no further water separated (ca. 30 min) . The water was run off and a 
solution of the ketal (7) (14. 4g, 56 mmol) in benzene (25 ml) was added to 
the toluenesulphonic acid solution. The mixture was heated under reflui 
for 30 min and the contents of the trap were run off twice during this 
period to remove entrained methanol. The mixture was then cooled to room 

10 

temperature, washed with saturated aqueous NaHO^ (2 x 200 ml), dried 
(Na 2 S0^) and the solvent removed under reduced pressure. The residual tfil 
was purified in batches by short-path distillation at 0,8 mm Hg (Kugelrohr. 
oven temperature 150°C) to give the enol ether (1) as a pale oil (li.5g; 
15 91%) which solidified to a waxy solid, m.p. 37-40°C on standing at 4°C. 
Anal: Calc. for C 12 H 21 N0 3 : M.W. 227.1522. Found: 227.1519. 

EXAMPLE 2 

*> ' - ft y . n .( w - Ace to* v ■ 2 . 2 . 6 , 6 - t e tr ame thvlp ip er Idinvl idene ) adenos 1 ne 

20 monophosphate (10) . AMP monohydrate (free acid form) (2.2g, 6 mmol) was 
suspended in dry dimethylfoxmamide (50 ml) and the solvent was removed 
under vacuum (< 1 mm Hg) at a bath temperature of 35°C. The procedure was 
repeated a further three times in order to remove traces of water from the 

25 nucleotide, and at the end of the final cycle the residue was thoroughly 
pumped under vacuum to ensure complete removal of the dimethylformamide. 

In a separate flask, toluenesulphonic acid monohydrate (5.7g; 30 mmol) 
was similarly dried by repeated vacuum evaporation from anhydrous 

30 acetonitrile (4 x 50 ml), then dissolved in anhydrous acetonitrile (440 kl) 
together with the enol ether (1) (20g, 88 mmol). This solution was added 
rapidly to the dried nucleotide and the resulting suspension was stirred 
for 7 days at room temperature. The undissolved fraction of the AMP was ; 

35 removed by filtration, the filtrate was diluted; with 10 raM triethylammdnium 
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bicarbonate (TEAB) buffer, pH 7.4 (2 1) and the mixture was extracted with 
petroleum ether (3 x 400 ml). The organic extracts were discarded and the 
aqueous solution was adjusted to pH 7.0 and applied to a DEAE-cellulose 
column (500 ml void volume) at a flow rate of 80 ml/h. When fully loaded, 
the column was washed with 10 mM TEAB, pH 7.4 until the absorbance (260 run) 
of the effluent returned to zero, then eluted with a linear gradient formed 
from 10 and 250 mM TEAB, pH 7.4 (each 1.5 1). Fractions were collected in 
13 ml aliquots and monitored by u.v. and analytical h.p.l.c. (Merck 
Lichrocart C8 column, mobile phase 45% MeOH - 55% 10 mM sodium acetate pH 
6.5, flow rate 1.5 ml/min. Retention times for AMP and the spiroketal ( 10) 
were 1.5 and 3.3 min respectively). All fractions containing the 
spiroketal (10) were combined and concentrated under reduced pressure, then 
evaporated under vacuum with methanol several times to remove buffer salts. 
The product was further purified by reverse-phase preparative h.p.l.c. 
(Waters C lg , mobile phase 35% methanol - 65% 10 mM sodium acetate pH 6.5, 
flow rate 4 ml/min). Fractions of 16 ml were collected and assayed by 
analytical h.p.l.c. (see above) and those containing pure spiroketal (10 J 
were combined and concentrated under reduced pressure to remove most of the 
methanol and finally desalted on a DEAE cellulose column as described 
above. The eluted material was freed of buffer salts as described to give 
the pure spiroketal (10) as its trie thy 1 ammonium salt (1.2 mmol; 20%). 

21-0.3' -0-(N-Acetoxv- 2. 2.6.6 - tetra methvlpiperidinvlidene^adenosip e 
triphosphate (11 ) , The AMP spiroketal (10) (120 urool) was 

pyrophosphorylated by known procedures 2 - 3 and purified by ion-exchange 
chromatography on DEAE-cellulose as described above, using a column of void 
volume 150 ml, a linear gradient formed from 10 and 350 mM TEAB (each 600 
ml) and a flow rate of 50 ml/h. Fractions were analysed by reverse-phase 
h.p.l.c. (Conditions as above). The retention time for the ATP spiroketal 
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(11) was 1.83 rain). Fractions containing pure product 
were combined and freed from buffer salts as above to 
afford the ATP spiroketal acetate (11) as its 
triethylammonium salt (57 umol; 47%). 

2 l -0,3 l -0-(N-0xyl-2,2,6,6-tetramethylpiperidinylidene) 
adenosine triphosphate (12) . To a solution of the 
spiroketal (11) (400 ymol) in 50% aqueous methanol 
(62 ml) was added a solution of KOH (1.34g) in 
methanol (21 ml), and the mixture was left at room 
temperature and open to the atmosphere. The reaction 
was monitored by h.p.l.c. (Merck Lichrocart C8, 
mobile phase 12% MeCN - 88% 50 mM KH2PO4 pH 5.5, flow 
rate 1.5 ml/min. Retention times for the spiroketal 
(11) and the ATP spin label (12) were 4.0 and 13.0 min 
respectively). When the hydrolysis/oxidation reaction 
was complete (48 h), the reaction mixture was 
neutralised with 1M HC1 (24 ml) and diluted with 10 mM 
TEAB (600 ml). The pH was adjusted to 7.0 and the 
solution was applied to a DEAE-cellulose column (void 
volume 400 ml) at a flow rate of 80 ml/h. The column 
was eluted with a linear gradient formed from 10 and 
350 mM TEAB (each 2 1) and fractions were analysed by 
h.p.l.c. Fractions containing the product were seen 
to contain an impurity (approx. 3%; h.p.l.c. retention 
time 1.2 min) which was identified as free ATP* These 
fractions were combined and freed from buffer salts as 
above. A portion of the contaminated spin-labelled 
product (100 umol) was further purified by preparative 
h.p.l.c. (Waters C^s* flow rate 4 ml/min). The 
preparative column was eluted first with 10 mM sodium .* 
acetate, pH 6.5 until all the free ATP had eluted, 
then with 5% MeCN - 95% 10 mM sodium acetate, pH 6.5. 
Fractions containing the pure spin label (12) (90 umol) 
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were pooled, desalted on DEAE-cel lulose as described 
above and stored at -20°C either as the 
triethylammonium salt or after treatment with Dowex 50 
(Na + form) as the sodium salt. 

EXAMPLE 3 

2 l -0,3 > -0-(N-Acetoxy-2,2,6,6-tetramethylpiperidinylidene) 
-S'-O-benzoyluridine (13) . 5 1 -J)-benzoy lur idine (350 mg, 
1 mmol) was added to a solution of toluenesulphonic 
acid monohydrate (190 mg, 1 mmol) in dry 
tetrahydrof uran (5.6 ml), followed by addition of N- 
acetoxy-2,2,6,6-tetramethyl-3-piperideine (2.2 g, 9.7 
mmol). The solution was left at room temperature for 
7 days, then diluted with ethyl acetate (100 ml) and 
washed with saturated NaHC03» dried (Na2S04) and 
evaporated. The oily residue was purified by flash 
chromatography (Merck 9385 silica gel) using ethyl 
acetate - petroleum ether (3:2) as the eluting solvent 
to give the title product (13) as a pale gum (311 mg; 
571). The material was homogeneous by thin layer 
chromatography on silica gel (ethyl acetate-light 
petroleum 3:2;Rf0.35) and spectroscopic properties 
(IR, *H and 13 C NMR,UV) were in conformity with its 
structure. 
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CLAIMS 

1. A compound of the formula: 



■OfV 




OCO.R 1 

15 



wherein R represents a CH3 or CD3 group; 
20 represents an alkyl group; 

r2 represents an alkyl or aryi group; and 
N may be either an 14 N or 15 N atom, 
with the proviso that when R represents CD3, the 
methylene and vinyl hydrogen atoms of the six-membered 
25 ring are deuterium. 

2. A compound as claimed in claim 1, wherein 

each of R, R 1 and R 2 is methyl. 

o 0 3. A compound of the formula 



35 
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wherein R represents a CH3 or CD3 group; 

N may be either an 14 N or 15 N atom; 

X represents hydrogen or a mono- t di- or 
triphosphate group, or a phosphate ester derivative; and 

Y represents a purine or pyrimidine base, 
with the proviso that when R represents 003, the 
methylene hydrogen atoms of the six-membered piperidine 
ring are hydrogen or deuterium. 

4. A compound as claimed in claim 3 of the 

f ormula:- 
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o- o- o- 

>— J— 0— A— 0— I— 0— CHj 



N if^-N 



N N' 



(3) 



10 




A- 



R 



15 



wherein R is as defined in claim 3. 

5. a compound as claimed in claim 4, wherein R 

is methyl. 



20 



i) 



6. 



A method for preparing a compound as claimed 



in claim 1, which comprises the following sequence of 
reactions:- 
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! 




15 7. A method for preparing a compound as claimed 

in claim 3, which comprises the following sequence of 
reactions :- 

v) 

20 




35 



SUBSTITUTE SHEET 



WO 92/01673 



PCT/GB91/01146 



- 25 - 



wherein Z is a protecting group for the 5'-hydroxyl 
position and which may either equate to group X (as 
hereinbefore defined, except when X represents 
hydrogen) or be capable of conversion or removal 
to leave a group X in that position; and 

R, R 1 , R 2 and Y are as previously defined, 
with the further proviso that when R represents CD3 , 
the 2'- and 3'-hydroxyl hydrogen atoms in compound (8) 
may be deuterium in order that all four methylene 
hydrogen atoms of the six-membered piperidine ring of 
compound (9) are deuterium; 

vi) either a) where group Z equates to group X, 

optionally further phosphorylating the compound (9) at 
that position, or b) treating the compound (9) such 
that Z is removed, and optionally phosphorylating, to 
leave a group X at that position; and 



vii) 



X 



0— CHj 



Y 



0— CHj 




Y 



A) Alkaline 
hydrolysis 

B) Oxidation 
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8. A method as claimed in claim 7, wherein step 

v) comprises reacting compound (1) with adenosine 

5 '-monophosphate to produce a compound of the formula:- 




step vi) comprises pyrophosphorylating the product 
of step v) to produce a compound of the formula :- 




(11) 
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and step vii) comprises deacetylation and air 
oxidation of the product of step vi) to produce a 
compound of the formula:- 




9. Use of a compound as claimed in claim 3 as a 
spin labelled probe or as a part of such a probe. 

10. A method of investigating or determining 
protein orientation or structure which comprises the 
use of a compound as claimed in claim 3 or claim 4. 
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